The paper presents the results of the synthesis of 2,6-dimetyhlphenol (26DMP) from o-cresol. The target compound is an important substrate for polymer chemistry. Due to a large amount of o-cresol which is generated as a by-product, during the synthesis of 2,6-dimethylphenol from phenol, the methylation of o-cresol to 2,6-dimethylphenol should be examined as a separate process. The alkylation of o-cresol was carried out in a fl uidized bed of commercial iron-chromium catalyst TZC-3/1. Undesirable decomposition of methyl alcohol on the catalyst generates a number of environmentally dangerous by-products such as methane, carbon dioxide, carbon monoxide. The effect of temperature on the yield of the synthesis was investigated. The synthesis process was monitored on-line in the temperature range 310-380 o C, completely covering the maximum effi ciency of the process. Online analysis of the process by FTIR spectroscopy gave information about products of both methylation of o-cresol and pyrolysis of methanol. The maximum 85% yield of desired 2,6-dimethylphenol with more than 85% conversion of o-cresol was achieved at 340 o C, at 1:6 molar ratio of o-cresol:methanol.
INTRODUCTION
The synthesis of 2,6-dimethylphenol is an object of interest of many scientists 1-5 , mainly because of its use in plastics industry. The lack of free ortho-positions in a molecule of phenol derivative causes that during the polycondensation, molecules are combined in a para-position 6 . In such a way the linear molecule of polyphenylene oxide (PPO) is formed. This polymer is characterized by high mechanical and thermal resistance, low water absorption, low coeffi cient of linear expansion, fi re resistance, low variation of dielectric properties 7 . Moreover, PPO perfectly blends with another polymer in different molar ratios. These properties make it an ideal material, among others, for the automotive industry 7 . Applications of PPO/PS blends include mainly large parts such as fenders, wheel covers, elements of motor-car body. The synthesis of polyphenylene oxide is, without doubt, the most important application of 2,6-dimethylphenol, but not the only one. This di-methyl derivative of phenol is also used for the production of medicines 8 , dyes 8-9 and antioxidants 10 . It has been observed, that the alkylation of phenol with methyl alcohol on iron-chromium catalyst leads selectively to ortho-substituted derivatives 11 . However, o-cresol, the fi rst product of the methylation of phenol, takes a signifi cant part in the production of 2,6-dimethylphenol synthesis. Previous studies have shown that operations such as the rise in temperature or increasing the amount of methanol are not satisfactorily effective in order to increase the reaction rate 12 . Nevertheless, o-cresol should not be regarded as a waste, because it is an intermediate product in the synthesis of 2,6-dimethylphenol. Thus it becomes necessary to examine the alkylation of o-cresol with methyl alcohol on the TZC-3/1 catalyst as a separate, additional process.
EXPERIMENTAL PART AND RESULTS
The methylation of o-cresol was carried out in a fl uidized bed of 100 g of iron-chromium catalyst -TZC-3/1, which is a commercial product of Zakłady Azotowe w Tar The process of fl uidization of the TZC-3/1 catalyst has been previously studied, thus, the choice of an appropriate fraction of catalyst particles was made using the previously studied fl uidization properties of this material 13 . The process of o-cresol alkylation was monitored online using the FTIR spectrometer. Methylation was carried out in a temperature range from 300 to 380°C, with the relatively small accretion (approximately 1.1 K/min) and analysis of the composition of the products was performed in a gaseous sample directly derived from gases leaving fl uidized bed, every ~23 seconds -these conditions allow to regard the particular analysis as a result of the process carried out at constant temperature.
The alkylation of o-cresol was performed with 6 molar excess of methyl alcohol in relations to the aromatic substrate. The mixture of substrates also contained small amounts of water, which prevents the deposition of coke on the catalyst 14 . Gaseous products of reaction were appropriately diluted for the requirements of the FTIR analysis, and did not cause the condensation of any products of the process. A scheme of the test bench is shown in Figure 1 .
The mixture of 56.0 mmol of o-cresol, 336.2 mmol of methyl alcohol and also 56.1 mmol of water was dosed per hour into the fl uidized bed reactor in a liquid form, later than vaporized and passed through the fl uidized bed. Molar fl ow rates of the products leaving the fl uidized bed are shown in form of graphs in Figure 2 as a function of bed temperature. The maximum effi ciency of 2,6-dimethylphenol synthesis was achieved at 340 o C.
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The total amount of by-products (2,4-dimethylphenol and 2,4,6-trimethylphenol) at this temperature was 14 times lower than the amount of the target compound. Above 350°C the concentration of the aromatic substrate was increasing again. This is because of the lack of methanol, which is intensely decomposed in a competitive reaction of its pyrolysis. The problem of methanol decomposition during phenol or o-cresol methylation is often omitted in the literature, probably due to the diffi culties of measurement of gaseous products concentration. Only a few papers take notice of this problem
15-17
. The decomposition of methyl alcohol on the catalyst generates a number of by-products such as methane, carbon dioxide, carbon monoxide. The ability to absorb electromagnetic radiation in the IR range by these gases causes that the method of FTIR analysis of this chemical process also allowed us to establish the quantities of gases from methanol decomposition. The ratio of the generated carbon monoxide and hydrogen can enable to use them for the production of hydrocarbons in the Fischer -Tropsch process. On the other hand, methanol decomposition is also important because of the generation of hydrogenpossible alternative source of energy 18-20 . The degree of o-cresol conversion, the yield and selectivity of target 2,6-dimethylphenol are shown in Table 1 . Almost an 85% yield of 2,6-dimethylphenol with more than 85% conversion of o-cresol was obtained at 340°C. The obtained results of the process synthesis suggest that an increase in methanol excess in relation to the aromatic substrate is not necessary. Satisfactory effi ciency of the desired compound with a high degree of purity of the main product was achieved.
CONCLUSIONS
The alkylation of o-cresol with methanol can be effi ciently carried out on the commercial iron-chromium catalyst TZC-3/1. The use of the catalyst in the form of a fl uidized bed leads to high effi ciency and easy temperature control of the process. The analysis of the process by FTIR spectrometer and carrying out the process with a minimal accretion of temperature gave precise data of the process in the tested temperature range. At the stage of the current research, the synthesis of 2,6-dimethylphenol carried out at 340°C and in 6 molar excess of methanol in relation to o-cresol is considered as the best in terms of the yield and selectivity of the desired 2,6-dimethylphenol. The target compound was obtained with almost 85% yield and with more than 85% conversion of o-cresol.
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